International Journal of Public Health Science (IJPHS) 
Vol. 13, No. 1, March 2024, pp. 369~375 
ISSN: 2252-8806, DOI: 10.11591/ijphs.v13i1.23211 o 369 


RGB-based colorimetric method for the analysis of water 
alkalinity using Cordyline fruticosa extracts as visual indicator 


Christian Alex C. Parungao, Darwin F. Reyes 


Department of Natural and Applied Sciences, College of Arts and Sciences, Nueva Ecija University of Science and Technology, 


Cabanatuan City, Philippines 


Article Info 


ABSTRACT 


Article history: 


Received Mar 26, 2023 
Revised May 27, 2023 
Accepted Jun 7, 2023 


Keywords: 


Alkalinity 

Cordyline fruticosa 
Digital image colorimetry 
Image 

Red-green-blue 


Leaf extracts of Cordyline fruticosa was used as a natural visual indicator for 
a digital image-based analytical procedure for the measurement of water 
alkalinity. A smartphone and ImageJ were used to capture and process the 
images, respectively. This work sought to develop and evaluate a greener 
strategy of using of Cordyline fruticosa leaf extract as natural indicator, in a 
digital image-based colorimetric set-up using smartphone. Under optimized 
conditions, the linear working range was from 40 to 160 ppm of CaCOs, 
with a calibration sensitivity of 5 x 10° ppm and a coefficient of correlation 
(r7)=0.998. The limit of detection and quantification were 39 ppm and 
117 ppm, respectively. A 10,000 ppm CaCO3 solution was tested using the 
proposed method and the results statistically agree with the results obtained 
from titrimetric methods. The study presented a simple analytical procedure 
that can be develop and apply for the assessment of pollution that could pose 
serious human and environmental health hazards. 
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1. INTRODUCTION 

Low water quality is a global health concern since it is a risk factor for the occurrence of various 
illnesses ranging from stomach aches, diarrhea, urinary tract infections, typhus, dysentery, and malnutrition, 
to dehydration [1], [2]. Water quality is generally referred to the biological, chemical, and physical 
characteristics of water that define its drinking potability and suitability for various applications in fishing, 
agriculture, and industrial processes [3]. Assessment of the water quality is based on the presence and levels 
of physicochemical parameters such as pH, total dissolved solids, hardness, conductivity, anions and cations, 
biological components, and heavy metals [4], [5]. 

Among the following parameters, pH in terms of acidity and alkalinity is one of the fundamental 
parameters often tested and measured and characterizes the chemical processes that can influence water quality 
[6]. The alkalinity of water (pH>7) is due to the presence of bicarbonate (HCO3.), carbonate (CO3~), and 
hydroxide (OH-) ions [7] while the acidity (pH<7) is based on the significant amount of hydrogen ion (H+) 
concentrations [6]. At high pH, metals present in water tend to precipitate out and the presence of ammonia is 
toxic to aquatic organisms. Alkaline water tends to have unpleasant odors and tastes [4]. In lakes, water 
alkalinity is vital in maintaining the structural stability of aquatic ecology [7]. The level of pH in water may also 
indicate the amount of heavy metals dissolved in water, thus, an indicator of environmental contamination [4]. 
Water is used in drinking, bathing, cleaning, and food preparation, and it can be a medium for the presence and 
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transmission of pathogens, microorganisms, and chemical contaminants. Therefore, ingestion of contaminated 
water can lead to serious waterborne illnesses and even death [8]. From the stated facts, routine monitoring and 
evaluation of water alkalinity, especially for potable water is important. 

A standard method for determining alkalinity is the titration of the sample with a standard acid 
solution using a pH indicator solution [8]. In seawater and natural terrestrial waters, the alkalinity can be 
analyzed using a spectrophotometric technique using a bromocresol green indicator. The method has the 
advantage of using only a small volume of water samples and reagents, as compared with the volume 
required for titrimetric methods [9]. Another reported method for water alkalinity detection is the use of a 
combined selective proton pump and pH probe that is applicable for on-site testing, with comparable results 
to standard volumetric methods [10]. One report on the measurement of alkalinity is a reagentless 
electroanalytical procedure that is based on the use of polyaniline films as a material for the release of 
hydrogen ions for efficient and controlled acidification [11]. The developed procedure is fast and reusable up 
to 74 times for 2 weeks and the method validation presented results that agree with the results obtained from 
classical titration. The procedures yield accurate and precise results, however, the methods require the use of 
laboratory apparatus, expensive chemical reagents and instrumentation, and elaborate laboratory set-up. 
Therefore, the development of a simple and green procedure for the determination of water alkalinity that can 
be developed and optimized for routine analysis is relevant. 

In this present investigation, a digital image colorimetric procedure for the analysis of water alkalinity 
is developed. The proposed method is composed of a smartphone camera for image acquisition, ImageJ for the 
RGB image analysis, and Cordyline fruticosa leaf extracts as the visual indicator and colorimetric reagent. 
Digital image colorimetry (DIC) is a current technology used in the quantification of various analytes that is 
based on the analysis of the basic red, green, and blue (RGB) color layers in a digital image [12]. DIC is a low- 
cost and simple technique that basically relies on the conversion of the pixel intensities of the images captured 
using digital imaging devices to values using image processing software [13]. 

For this study, smartphones were used as digital imaging devices since smartphones are ubiquitous 
in modern society and they are powerful devices for the collection and analysis of data. Moreover, 
smartphones have the potential in popularizing analytical chemistry through the simplification of complicated 
laboratory procedures [14]. For the image analysis, ImageJ was used due to it being a multiplatform public 
domain application [15]. In this platform, the image is divided into red, green, and blue channels, and a 
whole number is assigned for each of the three colors in a given tone of the image [13]. Due to its 
advantages, DIC has been applied in the colorimetric analysis of various analytes in different sensing 
platforms such as hydrogen peroxide in aqueous solutions [16], iron in dietary supplements [17], aspirin and 
salicylic acid [18], and peroxide value in edible oils [19]. For the visual indicator, leaf extracts of Cordyline 
fruticosa were used as it is reported to contain pigments [20] that can be used for the digital image analysis of 
water alkalinity. Traditionally, Cordyline fruticosa is a medicinal plant in the Philippines reported to possess 
anti-inflammatory and is used as plaster for sprains [21]. There are also reports that Cordyline fruticosa is 
traditionally used in ethnic rituals where the plants are whisked in the air and are believed to be helpful in 
driving away evil spirits [22]. Even though the plant material has been used in the community for various 
purposes, its local availability and the presence of plant pigments make it a good candidate as a visual 
indicator for this study. The presence of various pigments in plants such as anthocyanins and chlorophyll 
allowed observable color changes in the test solutions when the samples have varying pH values thus can be 
used to test the level of alkalinity of samples [23]. Overall, the study aimed at developing and testing a 
colorimetric procedure based on digital image analysis and plant extracts as a visual indicator to test the 
alkalinity levels of water samples, and to provide alternative protocols with acceptable precision and 
accuracy that can be used for routine analysis and monitoring. 


2. METHOD 
2.1. Chemicals and materials 

Sodium carbonate (Na2CO3), sodium hydroxide, phenolphthalein, sulfamic acid, and 95% ethyl 
alcohol were purchased from Dalkem Corporation. The reagents that were used are of high purity and were 
used without further purification. All the solutions were prepared as aqueous solutions. The different 
concentrations of Na2xCO3 were prepared using freshly boiled distilled water and expressed as calcium 
carbonate (CaCO3) concentration. 


2.2. Preparation and characterization of Cordyline fruticosa extracts 

The Cordyline fruticosa specimen was subjected to a taxonomic identification at the Department of 
Biology, Central Luzon State University (CLSU), Science City of Muñoz, Nueva Ecija. Fresh plant leaves 
were cut into small pieces and soaked in 95% acidified ethanol (0.1% v/v HCI) for 24 hours and later filtered 


Int J Public Health Sci, Vol. 13, No. 1, March 2024: 369-375 


Int J Public Health Sci ISSN: 2252-8806 Oo 371 


to obtain the leaf extracts. The acid was added to improve the solubility of the organic compounds in ethanol 
by ionizing them [24]. Perkin Elmer Lambda 365 UV-Vis’s spectrophotometer was used for the spectral 
characterization of the extracts. 


2.3. Construction of light-box for digital image analysis 

An enclosed system or chamber was made from cardboard with the dimensions of 260x190x300 cm 
and a 10 W LED light bulb for the accommodation of 3 mL vials, where the internal illumination of the 
chamber was homogeneous which ensures the reproducibility of the method as shown in Figure 1. The power of 
the lamp increases the brightness of the captured image which also results in greater applicability [25], [26]. 


10 W LED Light 


190 cm 


300 cm 


> Switch 


lasl 3mL vial 


260 cm 


Smartphone 


Figure 1. Light-box for the digital image analysis 


2.4. General procedure and testing of analytical performance 

A 500 uL of 1:1 leaf-to-ethanol ratio was mixed with 3 mL of the test solutions in a clear vial and 
placed inside the custom-built lightbox. The images were captured from a distance of 12 cm using Vivo 
Funtouch OS version 10 and were processed using ImageJ. The images were imported into the software and a 
defined number of pixels were selected for the RGB approach and the values of mean that were collected 
were transferred to an Excel spreadsheet. The blue channel signals were used for the calibration curve and the 
absorbance was determined using the formula as in (1). 


A= —log!/;, (1) 


Where: I is the signal of the sample and Ip for the blank [26]. 

The calibration curve for the total alkalinity was obtained in triplicate from digital images captured 
for calcium carbonate solutions with a concentration range from 40 ppm to 160 ppm using the blue channel. 
The detection limit (LOD) and quantification limit (LOQ) of the method were determined using the formula 
as in (2) and (3), respectively: 


LOD = 4335/1, (2) 


LOQ = 8/5 (3) 


Where: s is the standard deviation and m is the slope of the calibration curve. 

A CaCO; solution in distilled water were used as sample solutions for the testing of the proposed 
method. Classical titration using HCl solution as titrant and phenolphthalein as indicator was used as the 
reference method to compare the results collected from the DIC method [27], [28]. 
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2.5 Statistical Treatment of Data 

Experimental design was used to gather the results of the experiments. The t-test was used to determine 
if there is a significant difference between the results of the concentrations of CaCO; in distilled and tap 
water using DIC method and classical method. The % relative standard deviation (% RSD) was also used to 
determine the precision of the methods. 


3. RESULTS AND DISCUSSION 
3.1. Characterization of Cordyline fruticosa extracts 

Figure 2 shows the absorption spectra of the Cordyline fruticosa extracts and Cordyline fruticosa in 
a basic pH environment. The Cordyline fruticosa extracts as is showed a maximum absorption wavelength of 
662 nm. The maximum absorption wavelength is within the absorption range of chlorophyll which is from 
630 — 700 nm [29]. Chlorophylls are photosynthetic pigments composed of four pyrrole rings joined through 
a carbon bridge to an aromatic macrocycle [30]. Moreover, the obtained maximum absorption wavelength in 
the present study is near to the obtained maximum absorption wavelength in the previous study [31]. 
Absorption in the 600-700 nm region is classified as the “chlorophyll” region [32]. Whereas the shift in the 
maximum absorption wavelength of the Cordyline fruticosa in a basic pH environment is at 597 nm. 
Therefore, the color changes of the Cordyline fruticosa extracts showed their colorimetric response to the 
changes in the pH of the environment and can be used as a visual indicator, as can be observed from the inset 
photo in Figure 2. 


v 
ra] 
€ 
© 
2 
= 
o 
p 
2 
< 


— C. fruticosa leaf extracts (as is) 


~= — — C. fruticosa leaf extracts in basic solution 


oO 
500 520 540 560 580 600 620 640 660 680 700 720 740 


Wavelength (nm) 


Figure 2. Absorption spectra of Cordyline fruticosa leaf extracts and Cordyline fruticosa leaf extracts in basic 
pH. (Inset photo: (a) Cordyline fruticosa leaf extracts and (b) Cordyline fruticosa leaf extracts in basic pH 


3.2. Analytical performance and method validation 

To test the specificity and compare the colorimetric responses of the Cordyline fruticosa extracts in 
acidic and basic environments, the plant extracts were separately mixed with dilute acid and base solutions. 
As can be observed from Figure 3, the Cordyline fruticosa extracts in acidic pH resulted in a red-colored 
solution as shown in Figure 3(a) whereas the Cordyline fruticosa in basic pH yielded a green-colored solution 
as shown in Figure 3(b). In reference to the initial orange color of the plant extracts, the colorimetric response 
of the Cordyline fruticosa used in the proposed method is specific to samples with basic pH. Analysis of 
acidity and alkalinity of water is important as it determines the ecological community since it has a direct 
effect on the growth rate of aquatic organisms and to the activity of non-metals and metals [7]. Moreover, 
alkalinity in water is suggested to be due to natural and anthopogenic processes, and human activities and 
watershed properties [33]. 

The linear working range was between 40 to 160 ppm of CaCO; with a calibration sensitivity of 5 x 
10° ppm and a coefficient of correlation (r°) = 0.998 as shown in Figure 4. The obtained r? value showed the 
linear relationship between the sample solution concentration and the RGB values from the image analysis 
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since the obtained r? is within 0.998 to 1.000 [34], [35]. The LOD, which is the lowest concentration detected 
but not exactly quantified [34], [35] was 39 ppm. While the LOQ or the quantifiable concentration usually 
higher than LOD [34], [35] was 117 ppm. 


(a) (b) 


Figure 3. Cordyline fruticosa leaf extracts in (a) acidic and (b) basic solutions 


y = 0.0005x - 0.0039 
R?= 0.998 
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Figure 4. Calibration curve for the colorimetric response vs. concentration of CaCO3 (in ppm) 


The percent recovery for the proposed method was 89.79% which falls within the acceptable criteria 
for the analysis of anions in drinking water (85%-115%) [27]. The computed relative standard deviation 
(RSD) for the proposed method was 11.54% which is within the acceptable RSD for an analytical procedure 
(10-25%) [36] as presented Table 1. Statistical analysis using paired sample t-test was employed to test the 
agreement between the results of the two methods of analysis. The t-test showed that the tstat<terit (-3.7<4.3) 
which means that there is no significant difference between the determination of the total alkalinity using the 
DIC method and the titrimetric method. 


Table 1. Results of the analysis of alkalinity of the test solution using a titration method and the DIC method 


Sample Proposed Method (n=3) Titrimetry (n=3) 
10000 ppm CaCO3 ppm CaCO;3+SD Spike recovery +SD ppmCaCO3+SD_ Spike recovery+SD 
8979+1036 89.79% 109824149 109.82% 
(RSD=11.54%) (RSD=1.36%) 
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4. CONCLUSION 

The study demonstrates the feasibility of using Cordyline fruticosa leaf extracts as a natural visual 
indicator for the analysis of alkalinity in water. The work utilizes smartphones and ImageJ as simple and 
affordable processing tools to convert the color channel intensities to analytical information. The Cordyline 
fruticosa leaf extracts exhibit different colorimetric responses to media with different pH. The proposed method 
has a linear response from tested concentration range and the results showed no significant difference from the 
samples tested via a titrimetric method. Based on the merits of the proposed method, the study can be an 
alternative to the classic procedure for the alkalinity determination of water samples. Moreover, the study will 
pave the way for the exploration and development of such colorimetric procedures for other analytes essential 
for the assessment of contamination for the benefit of human and environmental public health. 
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